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Genetic variations in taste receptor genes play a notable role in human taste perception
and food preferences and intake, which may affect nutritional and health status. Understanding
how genetic variations in taste receptor genes influence food perception, preferences, and intake
can play an important role in designing effective interventions to improve the quality of peoples'
nutrition and minimize the risk of diet-related diseases such as obesity. The objective of this
study was to investigate single nucleotide polymorphisms (SNPs) of umami taste receptor gene
TAS1R1 and GRM4 and sweet taste receptor gene TAS1R3 and percentage of body fat mass
(BF%) among young adults. 833 young adults aged 18-31 years old were enrolled in a crosssectional study. Umami and sweet taste receptor genotypes were determined and analyzed. A
strong association was observed between the allele frequencies of sweet taste receptor gene
TAS1R3 for SNPs rs307355 and rs35744813 and BMI, and between the same SNPs rs307355
and rs35744813 and BF%. In addition, the allele frequencies of SNP rs2499729 were
significantly related to the likelihood of having obesity based on BMI classification. However,
there was no association between the allele frequencies of the SNPs of the umami taste receptor
genes; TAS1R1 for rs34160967 and BMI or BF%. The results of this study also indicated

association in total energy intake and the percentage of energy from carbohydrates, protein, and
fat intake between the alleles of the sweet receptor gene TAS1R3 for rs307355 and 35744813.
Furthermore, a notable association was also detected in the percentage of energy from fat intake
among the alleles of the umami receptors gene TAS1R1 rs34160967, and a significant relation in
the percentage of energy from carbohydrates and protein intake between the different genotype
polymorphisms of the umami receptor GRM4 gene for rs2499729.

Keywords: Taste receptor; SNPs; allele frequency; obesity; body composition; energy intake;
macronutrient consumption.
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CHAPTER I
INTRODUCTION
The taste of food is considered a major factor in determining food preferences and
selection, which eventually affects eating behavior, body composition, and overall health (Duffy
et al., 2007). Humans detect food tastes with taste receptors in taste bud cells (TBCs) on the
tongue (Takahashi et al., 2019). Taste receptors function as chemoreceptor proteins in TBCs that
bind with the tastants (molecules dissolved in saliva) and interact with taste stimuli to initiate and
send signals transmitted to the brain to present the sense of the taste sensations (Duffy et al.,
2007). Currently, human taste sensations can be divided into five basic tastes: sweet, sour, salty,
bitter, and umami; and there is growing evidence that the oral perception of dietary fat, called
oleogustus, can be considered as the sixth type of basic taste (Bachmanov et al., 2014; Running
et al., 2015; Duffy et al., 2007; Martin et al., 2011; Stańska & Krzeski, 2016). Genetic variation
in taste receptors can be characterized in terms of single nucleotide polymorphisms (SNPs). A
SNP is a substitution of a single nucleotide (or a single base-pair difference), which occurs
normally at a specific position in a person’s deoxyribonucleic acid (DNA) (Collins, n.d.). Taste
receptor genes of the basic tastes contain various SNPs that may alter taste perception and affect
food preferences and nutritional habits, which may consequently influence dietary intakes and
food consumption and raise the risk of obesity (Duffy et al., 2007). Obesity results from a
combination of environmental factors including unhealthy dietary patterns and physical
inactivity combined with genetic factors (Centers for Disease Control and Prevention [CDC],
1

2020). Genetic variation in taste receptor genes is one of the main genetic factors that influence
the perception of taste, which can profoundly impact an individual’s food preferences and
nutritional intake, consequently, affecting body weight, body composition, and increasing the
risk of diet-related diseases such as obesity (Chamoun et al., 2018; Diószegi et al., 2019; Grimm
& Steinle, 2011). Studies in this area of research have recognized numerous SNPs in taste
receptor genes; however, only a few SNPs have been analyzed to examine their association with
taste sensitivity, taste perception, or dietary intake related to a particular taste sensation
(Chamoun et al., 2018). To date, limited studies have been conducted on genetic determinants of
sweet taste sensitivity and preference and eating behaviors, and a limited number of studies
investigated the relationship between the genetic variation of umami taste receptor genes and
food perception and selection despite its broad importance in dietary intake and health-related
outcomes. Therefore, further studies are needed on genetic polymorphisms in sweet and umami
taste receptor genes to determine if SNPs in umami and sweet taste receptor genes influence
dietary intake, body weight, and body composition.
Four SNPs were selected in this study to examine their association with body
composition, energy intake, and food consumption and their relationship with the risk of obesity.
Two SNPs linked to human sucrose taste sensitivity were selected; rs307355 and rs35755813,
and they are both located at the upstream of the taste receptor type 1 member 3 (TAS1R3) coding
sequence. Furthermore, a nonsynonymous SNP linked to human umami taste was examined;
rs34160967, which is a nonsynonymous missense variant of the taste receptor type 1 member 1
(TAS1R1). In addition, another human umami taste SNP rs2499729, which is an intronic variant
of the glutamate receptor, metabotropic 4 (GRM4) gene coding sequence was included in this
study.
2

Research objectives
The main aim of this study was to investigate single polymorphism of selected sweet and
umami taste receptor genes and body composition to determine whether SNPs in the sweet taste
receptor genes TAS1R3, and umami taste receptor genes TAS1R1, and GRM4 affect body
composition, energy intake, and macronutrient consumption of young adults. Thus, the
objectives of this study were to:
1. Examine if SNPs in the sweet taste receptor gene TAS1R3 (rs307355 and rs35744813)
and SNPs in the umami taste receptor genes TAS1R1 (rs34160967) and GRM4
(rs2499729) are associated with differences in body composition among young
adults.
2. Investigate the association between the SNPs in the sweet taste receptor gene TAS1R3
(rs307355 and rs35744813) and SNPs in the umami taste receptor genes TAS1R1
(rs34160967) and GRM4 (rs2499729) with the differences of total energy and
macronutrient intakes among young adults.
3. Investigate if there are differences in total energy and macronutrient intakes between
young adults with obesity and non-obese.
Body fat percentage (BF%) was measured and body mass index (BMI) was calculated by
bioelectrical impedance analysis (BIA), energy intake and macronutrients data were obtained
from a diet history questionnaire (DHQ), and SNP variants in saliva samples were also detected.
Participants in the study were males and females aged 18-31 years.
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CHAPTER II
LITERATURE REVIEW
Obesity
Definition and prevalence of obesity
Obesity is a medical condition described as an excessive accumulation of fat in the body
that may lead to serious health issues (World Health Organization [WHO], n.d.). It is considered
one of today’s major public health concerns. The global prevalence of obesity increased
dramatically between 1975 and 2016, and it remains high among the world’s adult population. In
2016, globally, 13% of adults aged 18 years and older were obese (11% of men and 15% of
women) (WHO, 2021). In the United States (2015-2016), 35.7% of young adults aged 20 to 39
years, and 42.8% of middle-aged adults aged 40 to 59 years were obese (Hales et al., 2017).
Among adults by race and Hispanic origin in 2015-2016, non-Hispanic Asian adults had the
lowest prevalence of obesity (12.7%) compared to all other races and Hispanic-origin groups,
followed by non-Hispanic white adults (37.9%), non-Hispanic Black adults (46.8%), and the
highest prevalence was in the Hispanic group with 47.0% (Hales et al., 2017).
Obesity classification
There are various tools that can be used to measure obesity, but the two popular methods
of measuring and identifying obesity in adults are BMI and BF%.

4

Body mass index
Body mass index, formerly called the Quetelet index, is a rough estimate of body
composition based on an individual’s weight and height, and it is currently used by all health
associations and organizations including the CDC, National Institutes of Health (NIH), and
WHO for classifying adult individuals into groups. Body mass index is considered the most
common screening tool used to identify whether an individual is at a healthy weight,
underweight, or at risk of having obesity. Body mass index can be obtained by dividing an
individual’s weight in kilograms (kg) by the squared of an individual’s height in meters (m2) or it
can be calculated by dividing an individual’s weight in pounds by the squared of an individual’s
height in inches and multiplying a conversion factor of 703 (CDC, n.d.; NIH, 1998; WHO,
2021). The four major BMI classifications are underweight, normal weight, overweight, and
obesity as shown in Table 2.1. An individual would be considered to have obesity if their BMI is
30 kg/m2 or greater. Although, BMI is widely used and can be applied to all adults including men
and women; and is considered an acceptable tool for screening the general population to
determine obesity, it does have some clinical limitations that should be considered. First, BMI
does not account for body composition as it is unable to distinguish between body fat mass, body
lean mass, or bone mass. Second, BMI does not reflect the amount and the distribution of fat in
the body, and these determinants can influence health and contribute to serious health problems.
Furthermore, although BMI incorporates body weight and height, it does not consider sex and
age groups (CDC, n.d.).
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Table 2.1

Classification of obesity based on body mass index (BMI)
Category
Underweight
Normal weight
Overweight
Obesity

BMI (kg/m2)
<18.5
18.5-24.9
30-34.9
≥30

Body fat percentage
Even though BMI can be used as a rough estimate of body fat, BF% is considered a more
accurate measure than BMI and can capture differences in body composition (Arrroyo et al.,
2004). In contrast to BMI, BF% distinguishes between body fat mass from lean mass and can
calculate the percentage of body fat in the body (Goonasegaran et al., 2012). There are various
body composition measuring methods that can be used to measure individuals’ BF including
skinfold calipers, waist circumference, BIA, dual energy X-ray absorptiometry (DEXA), and
hydrostatic weighing (underwater weighing) (Deurenberg & Yap, 1999). However, each body
composition measurement method has its strengths and limitations as they have a wide range of
cost, validity, and accuracy (Lee & Giovannucci, 2018). While the cutoff points of BMI for
obesity have been established and suggested by WHO, the actual cutoffs of BF% that define
obesity have not been clearly defined. A systemic review and meta-analysis proposed sexspecific cutoff points for BF% (≥ 25% for men and ≥ 32% for women) that classify individuals
as obese (Okorodudu et al., 2010).
Energy intake and macronutrient consumption
Total energy intake, macronutrient intake patterns, and dietary behaviors are considered
crucial factors in obesity. Obesity develops due to an imbalance between calorie intake and
energy expenditure. When energy intake exceeds energy expenditure, energy balance is positive.
6

This positive balance contributes to storing energy in the body as body fat. The dietary
macronutrients (carbohydrates, protein, and fat) are the main sources of energy intake in the diet.
Based on the Food and Nutrition Board of the Institute of Medicine, the acceptable
macronutrient intake for carbohydrate is 45%-65% of total energy, protein 10%-35%, and fat
20%-35% of total energy with limited saturated and trans fats, and those percentages meet the
macronutrient needs of most active individuals (Trumbo et al., 2002). The balance between those
main sources of energy and its significant effect on energy intake and on the onset of obesity has
been examined in several studies, however, the data are not consistent among all studies due to
the impact of potential confounding factors such as age, physical activity, and smoking.
According to the National Health and Nutrition Examination Survey (NHANES), a higher
percentage of energy from protein intake with an identical reduction in either the percentage of
energy from fat or carbohydrates was strongly associated with reduced energy intake (Austin et
al., 2011). The balance of carbohydrate, protein, and fat intake and BMI was studied in a random
sample of 966 men in France. When confounding factors including age, smoking and physical
activity were being controlled for, the intake of fat was positively related to BMI, and
carbohydrate intake was negatively related to BMI (Ahluwalia et al., 2009). Ahluwalia et al.,
(2009) suggested that macronutrient distribution in the diet may have a more important role than
the energy intake in obesity. Furthermore, the associations of fat and carbohydrate intakes and
the risk of overweight and obesity were assessed in an 11-year long cohort study which included
a sample size of 6612 free of overweight and obesity adults (Cao et al., 2020). Coa et al., (2020)
observed that total fat intake was linked to increased risk of overweight and obesity, while higher
intake of carbohydrate decreased the risk of overweight and obesity in women. However, higher
intake of carbohydrate was not related to increased risk of overweight and obesity in men (Cao et
al., 2020).
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Genetic variation in sweet and umami taste receptors and their influences on body
composition, and dietary intake
Taste receptor type 1 member 1, taste receptor type 1 member 2, and taste receptor type 1
member 3 are proteins that in humans are encoded by TAS1R1, TAS1R2, and TAS1R3 genes,
respectively, and they are members of the TAS1R family. These three receptors belong to class
C of G protein-coupled taste receptors (GPCRs) and function as heterodimers to form the umami
taste receptor and sweet taste receptor. (Roper & Chaudhari, 2017). TAS1R3 can bind with
TAS1R1 (TAS1R1/TAR1R3) to form a receptor for the umami taste response or can form a
heterodimeric receptor with TAS1R2 (TAS1R2/TAS1R3) to elicit the sweet taste response (Chen
et al., 2009; Raliou et al., 2011; Shigemura et al., 2009). Although evidence from Fushan et al.
(2009) related TAS1R3 polymorphisms to the taste sensitivity to sucrose, and findings of Chen et
al. (2009), Raliou et al. (2009), and Shigemura et al. (2009) linked TAS1R3 to umami taste
perception, TAS1R1 variations were mainly associated with monosodium glutamate (MSG)
detection threshold or recognition. Moreover, the metabotropic glutamate receptors mGluR1
(glutamate receptor, metabotropic 1, GRM1) and mGluR4 (GRM4) were also identified to be
receptors for umami taste, and they are also members of class C of GPCRs (Kurihara, 2015;
Niswender & Conn, 2010).
Genetic variations in human taste receptors contribute to differences in taste-related
behaviors, which may influence nutritional intake. Several studies have proposed some
interesting associations between SNPs in taste receptor genes and their correlation with variation
in taste perception, food preferences, and dietary intake (Carrai et al., 2017; Chamoun et al.,
2018; Duffy et al., 2004; Duffy et al., 2010; Habberstad et al., 2017; Hayes et al., 2013; Hayes et
al., 2015; Hwang et al., 2019). For instance, genetic variation in the sweet taste receptor gene
TAS1R2 was linked to differences in sweet preferences and dietary intake, and an increased risk
of dental caries (Eriksson et al., 2019; Haznedaroglu et al., 2015; Pioltine et al., 2018; Wendell et
al., 2010). Polymorphisms in the fat taste receptor gene CD36 have been shown to influence fat
8

preference, fat intake, and consequently health (Keller et al., 2012). Individuals with a higher
sensitivity to bitter taste (supertasters) tend to avoid vegetables and prefer to consume sweet and
fatty foods to compensate for the overwhelming bitterness, which may increase the risk for
chronic disease (Tepper et al., 2014). Genetic variations in umami and sweet taste receptors have
also been found to impact eating behavior through altered taste perception, which may affect the
perception of umami and sweet tastes (Grimm & Steinle, 2011). Understanding genetic
variability in umami and sweet taste receptors and its influence on taste-related behaviors is
important for expanding our understanding of factors involved in body weight management and
the risk of chronic diseases such as obesity, diabetes, and hypertension.
Genetic variation in the umami taste receptor genes
Umami taste is a pleasant or savory taste imparted by MSG and can be enhanced by 5′ribonucleotides such as inosine 5′ -monophosphate disodium (IMP). Scientists have detected and
analyzed numerous SNPs in the TAS1R1 and TAS1R3 genes. However, there is limited research
that has addressed the possible correlation between SNPs in the human TAS1R1/TAS1R3 receptor
gene, and the individual variation in umami taste sensitivity, food preferences, and food intake,
which may affect body weight and body composition.
The first human research on this issue, which raised concern about MSG use and body
weight was provided when He et al. (2018) reported a positive and meaningful relationship
between MSG intake and overweight, controlling for physical activity, and total energy intake in
a sample of 752 healthy Chinese (48.7% women) from three rural villages in north and south
China. He et al. (2008) found that the prevalence of overweight was significantly higher in MSG
users than in non-users. The sensitivity to MSG taste has also been studied in women with
different BMI categories (Pepino et al., 2010). Monosodium glutamate taste sensitivity
9

influenced preferences of food with a high concentration of MSG in obese women and normalweight women. Obese women preferred a higher concentration of MSG than normal-weight
women because obese women had a significant, twofold increase in MSG detection thresholds
and thus were less sensitive to MSG taste (Pepino et al., 2010). Furthermore, a study on elderly
and sick individuals suggested that glutamate can enhance saliva and stimulate appetite, and
hence increase food acceptance and intake (Mouritsen, 2012). However, excessive amounts of
MSG make the food less palatable and unacceptable, but when MSG is used in insignificant
amounts, it can suppress a bitter taste, perhaps because MSG lowers the intensity of bitter taste
(Mouritsen, 2012). On the other hand, Mouritsen (2012) suggested the lack of umami flavor in
prepared meals was a possible reason for poor nutritional management and excess intake of salt,
fat, and sugar because umami can be a way to reduce salt and fat intakes while retaining
palatability based on studies of Bellisle (2008), Mouritsen (2012), and Yamaguchi & Takahashi
(1984).
Other studies correlated SNPs in the umami taste receptors TAS1R1 and TAS1R3 with
human taste sensitivity and perception. Chen et al. (2009), Raliou et al. (2011), and Shigemura et
al. (2009) provided evidence that the heterodimer G protein-coupled receptor TAS1R1/TAS1R3
functions as an umami receptor, and genetic variation in the TAS1R1/ TAS1R3 receptor were
associated with taste recognition thresholds for umami substances. Shigemura et al. (2009)
revealed that the polymorphism rs34160967 in TAS1R1-372T creates a more sensitive umami
receptor than -372A, while rs307377 in TAS1R3-757C creates a less sensitive umami receptor
than -757R for MSG and MSG plus IMP (Shigemura et al., 2009). Single nucleotide
polymorphisms rs34160967 and rs307377 were two common SNPs among the sample studied
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and were selected for further association and functional analyses (Shigemura et al., 2009). The
variations in taste perception of glutamate and polymorphisms in the TAS1R1 and TAS1R3 taste
receptor genes have also been studied by Chen et al. (2009) in 242 healthy people from the
Philadelphia area. It was suggested that there were more polymorphisms in TAS1R3 than in
TAS1R1 and this difference in the number of variations may be due to the common role of
TAS1R3 in both sweet and umami taste in humans (Chen et al., 2009). The total SNPs, which
observed in this study were: five SNPs in TAS1R1 (all non-synonymous) and 12 SNPs in
TAS1R3 (4 non-synonymous and 8 synonymous), and five SNPs in the TAS1R3 gene that were
never been reported before (Chen et al., 2009). In Chen et al.’s (2009) study, the majority of the
variations distinguished were in the large N-terminal extracellular domain of TAS1R proteins,
which means that the amino acid diversity in this TAS1R region considers the receptor’s
discrimination and binding functions for umami taste. Chen et al. (2009) suggested that the
position of these SNPs may influence their binding with L-glutamate, which may contribute to
creating a stronger activation of the taste system.
Genetic variation in the umami taste receptors TAS1R1/TAS1R3 have also been studied to
investigate their relation to the consumption of umami-tasting foods (Han et al., 2018).
Participants in Han et al.’s (2018) study were able to access a variety of foods in a buffet meal
for 40 minutes. It was found that GG carriers of the TAS1R1 SNP rs34160967 consumed a
significantly higher amount of fat and calories from the buffet meal as compared to the GA/AA
genotype group. In addition, it was observed that TT carriers of the TAS1R3 SNP rs35744813
consumed significantly more savory foods from a buffet meal compared to CC and CT carriers.
Conversely, individuals with the CC allele of the TAS1R3 rs307355 and rs35744813 SNPs
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tended to consume more protein from the buffet meal than the CT and TT carriers (Han et al.,
2018). Another study sought to examine 93 SNPs in genes for the six basic tastes: sweet, salty,
sour, umami, bitter, and fat (Chamoun et al., 2018). A considerable correlation was reported
between SNP rs2499729 in the GRM4 umami taste receptor gene and the detection threshold for
MSG and IMP. The C allele of rs2499729 was associated with a significantly higher detection
threshold for MSG and MSG+IMP compared to the T allele (Chamoun et al., 2018). These novel
findings provide a basis for future studies to explore and examine the genetic variants in umami
taste receptors and food selection and intake and body composition.
Genetic variation in the sweet taste receptor genes
TAS1R2 and TAS1R3 are sweet taste receptor genes that belong to the taste receptor type
1 family (TAS1Rs). It is important to identify genetic variations in sweet taste receptor genes
because they influence taste sensitivity to sugar and sweet food intake. Finding the associations
between genetic variations in sweet taste receptor genes and the intake of sweet foods is
important for individuals who are at risk of metabolic disorders due to their eating patterns. One
study sought to find a link between two SNPs of TAS1R3; rs307355 and rs35744813, and human
taste sensitivity to sucrose (Fushan et al., 2009). Fushan et al. (2009) observed reduced taste
sensitivity to sucrose was associated with T alleles in 144 unrelated individuals (92 Europeans,
37 Asians, 15 Africans). Individuals carrying T alleles of rs307355 and rs35744813 were less
sensitive to sucrose compared to CC carriers (Fushan et al., 2009). Another study examined the
association between the genotype variations of rs35874116 locus (Ile191Val) in the TAS1R2
sweet taste receptor gene and the differences in sugar consumption in two populations: 1,037
diabetes-free Canadian young adults, and 100 Canadian individuals with Type 2 diabetes (Eny et
al., 2010). Eny et al. (2010) indicated an association between the genetic variations of
rs35874116 (Ile191Val) and BMI in individuals with a BMI ≥25 in diabetes-free young adults.
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Furthermore, their findings showed that carriers of the TT genotype at the rs35874116 in the
TAS1R2 had a higher consumption of sugars compared to C carriers (homozygous or
heterozygous) in the diabetes-free individuals and in participants with Type 2 diabetes (Eny et
al., 2010). In contrast, a cross-sectional study was conducted among the population of West
Mexico to analyze the association of rs35874116 locus (Ile191Val) in the TAS1R2 sweet taste
receptor gene polymorphisms and carbohydrate intake and hypertriglyceridemia (Ramos-Lopez
et al., 2016). Results of this study confirmed that the Ile191Val SNP was significantly associated
with the intake of sweets as well as higher plasma triglycerides (Ramos-Lopez et al., 2016).
However, the intakes of total carbohydrates, fiber, vegetables, and cereals were notably higher in
CC allele genotype carriers. Furthermore, CC carriers had higher triglycerides levels and a
higher risk for hypertriglyceridemia than the TC and TT carriers (Ramos-Lopez et al., 2016).
Two additional studies sought to examine the association between genetic variation in the
TAS1R2 gene, sugar taste perception, and dietary intake (Dias et al., 2015; Habberstad et al.,
2017). Dias et al. (2015) investigated the effects of genetic variants in TAS1R2 on sucrose taste
threshold, supra-threshold taste sensitivity, and sugar intake and if these relationships were
modified by BMI. The rs12033832 and rs3935570 SNPs and seven other polymorphisms in
TAS1R2 were genotyped in 238 men and 458 women, young adults aged 20–29 years (Dias et al.
2015). The rs12033832 (G>A) and rs3935570 (G>T) SNPs were associated with detection
threshold sensitivity ratings among individuals with a BMI of 25 or above. Among individuals
with a BMI ≥ 25, participants carrying the G allele of rs12033832 and rs3935570 had
significantly higher detection thresholds and lower supra-threshold sensitivity scores. However,
G allele carriers of rs12033832 with a BMI < 25 had significantly lower detection thresholds
with no effect on supra-threshold taste (Dias et al. 2015). The findings of Dias et al., (2015)
indicated no effect on the threshold or suprathreshold taste among carriers of the G allele of
rs3935570 with a BMI less than 25. Then, the SNP-BMI interaction for carbohydrate and sugar
intakes were assessed for each of these two SNPs (rs12033832 and rs3935570), which were
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associated with sucrose taste outcomes. Individuals carrying the G allele of the rs12033832 SNP
with a BMI of 25 or above had a higher intake of carbohydrates (g/day), total sugars, glucose,
sucrose, and fructose compared to AA homozygous carriers, while opposite associations were
observed among those with a BMI less than 25. The SNP rs3935570, on the other hand, had no
association with the intake of carbohydrates and sugar regardless of BMI (Dias et al. 2015).
Habberstad et al. (2017) examined the relationship between the SNP rs7534618 (a proxy
for rs12033832) in TAS1R2 and dietary intake in lean and overweight individuals in a cohort
study (n=2,204). The results of Habberstad et al. (2017) study demonstrated only modest
associations between dietary intake and the TAS1R2 genotype. Among participants with a BMI
of 25 or above, the TT/GT genotypes were associated with a lower fat intake and higher
carbohydrate intake, but not more sucrose than the G-allele carriers. There was no association
observed between the genotype and dietary intake among individuals with a BMI less than 25
(Habberstad et al., 2017). To date, limited research has been conducted to evaluate the effect of
genetic variations of sweet taste receptor TAS1R2 on the preferences and intake of sweet taste in
children and adolescents. Recently, a cross-sectional study was conducted to evaluate the
influence of SNPs rs9701796 and rs35874116 in TAS1R2 in relation to adiposity, dietary intake,
and metabolic profile in 513 obese children and adolescents from the Endocrinology Clinic of
the Hospital das Clínicas (São Paulo, Brazil) and 135 normal-weight children from public
schools aged 7 to 18 years (Pioltine et al., 2018). While most consumed sweet foods in the study,
a higher chocolate powder intake in obese children and obese adolescents with the allelic variant
rs9701796 was observed. Moreover, genetic polymorphisms of rs9701796 were associated with
increased waist-height ratio in obese children and obese adolescents (Pioltine et al., 2018).
In schoolchildren, young adults, and adults, genetic variants in the sweet taste receptors
TAS1R2 and TAS1R3 have also been related to a higher preference and intake of sweet foods and
were associated with the risk for developing dental caries. A study conducted with 80 healthy
Caucasians aged 21–32 years observed a significant association between the genetic variation in
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the rs35874116 (Ile191Val) SNP and the prevalence of dental caries, which included decayed,
missing, and filled teeth (Kulkarni et al., 2013). Kulkarni et al. (2013) recognized a lower
consumption of sweet foods and lower risk of developing dental caries in Val carriers of the
TAS1R2 SNP. A similar finding was also observed in a study conducted to examine the
relationship between TAS1R2 (rs35874116 or rs9701796) and/or TAS1R3 (rs307355) SNPs with
dental caries in 184 schoolchildren (Haznedaroglu et al., 2015). According to Haznedaroglu et
al.’s (2015) results, the TAS1R2 rs35874116 homozygous polymorphic genotype influenced
substantial risk, and the TAS1R3 rs307355 heterozygous genotype influenced moderate dental
caries risk in schoolchildren. It has been revealed that the total caries experience and decayed,
missing, and filled permanent teeth scores were higher in children aged 7–12 years who were
carriers of the TAS1R3 rs307355 CT genotype compared to those with the homozygous CC
genotype (Haznedaroglu et al., 2015). An earlier study revealed a significant association between
the C allele of TAS1R2 rs9701796 and both carried risk and protection in 562 participants having
mixed dentition (primary and permanent) with an average age of 9.8 years (Wendell et al., 2010).
A significant association was also determined between TAS1R2 rs3935570 homozygous and
dental caries risk/protection in 647 Caucasian adults aged 18–65 years; GG homozygous
individuals carrying the rs3935570 SNP in the TAS1R2 gene showed decayed, missing, and filled
teeth caries scores compared to both heterozygous for the alternative allele (Robino et al., 2015).
A cross-sectional study of 475 adults investigated the association between TAS1R3
rs307355 and biochemical parameters, food preferences, BMI, and body fat mass (Perna et al.,
2018). According to Perna et al. (2018), polymorphisms of the sweet taste gene TAS1R3 of
rs307355 and rs35744813 significantly influenced individuals’ sweet food preferences; T/T
homozygous carriers preferred sweetness in food than other genotypes (C/C and C/T). Regarding
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body fat mass, C/C homozygotes presented with an increase of 3.2% fat mass compared to T/C
heterozygotes. However, C/C and C/T genotypes had similar BMIs (Perna et al., 2018).
According to Han et al. (2018), participants identified with the CC alleles rs307355 and
rs35744813 of the TAS1R3 gene consumed significantly more protein from a buffet meal than T
allele carriers. Examining the polymorphic variants in sweet taste receptors and their
downstream effects on sweet food preferences and dietary intake, which may, in turn, impact
nutritional and health status, is important for individuals who are at risk for metabolic disorders
and development of dental caries due to their eating behaviors.
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CHAPTER III
MATERIALS AND METHODS
Objectives
The objectives of this study were to:
1. Examine if SNPs in the sweet taste receptor gene TAS1R3 (rs307355 and rs35744813)
and SNPs in the umami taste receptor genes TAS1R1 (rs34160967) and GRM4
(rs2499729) are associated with differences in body composition among young adults.
2. Investigate the association between the SNPs in the sweet taste receptor gene TAS1R3
(rs307355 and rs35744813) and SNPs in the umami taste receptor genes TAS1R1
(rs34160967) and GRM4 (rs2499729) with the differences of total energy and
macronutrient intakes among young adults.
3. Investigate if there are differences in total energy and macronutrient intakes between
young adults with obesity and non-obese.
Study design
This study was a cross sectional design and part of the ongoing research project “BODY
AP: Biological factors for Obesity development in Young Adults Project,” which is being
conducted at Mississippi State University in Dr. Tolar-Peterson’s laboratory located in the
Herzer Building. This current study investigated the relationship between the allele frequency of
sweet and umami taste receptors of SNPs rs307355, rs35744813, rs34160967, and rs2499729
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with differences in body composition, energy intake, and micronutrient intakes among young
adults. Participants were divided into two groups, the obesity group, and the non-obese group,
according to their BF% classification. The obesity group consisted of those with BF% equal to
32% or higher for females and 25% and higher for males, and the non-obese group consisted of
those with BF% less than 32% for females and less than 25% for males (Okorodudu et al., 2010).
Participants were also divided into two groups, the obesity group, and the non-obese group,
according to their BMI classification. The obesity group consisted of those with a BMI equal to
30 kg/m² and higher, and the non-obese group consisted of those with a BMI of 29.99 kg/m² or
lower (CDC, n.d.). The study protocol was approved by the Institutional Review Board (IRB) at
Mississippi State University (IRB-17-025); all procedures followed were in accordance with the
ethical standards of the IRB and the Helsinki Declaration of 1975, as revised in 2000. Informed
consent was explained and obtained from all individuals who chose to participate in the study.
The research design for participants is presented in Figure 3.1.

Figure 3.1

Flow Chart of Research Design for Participants
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Recruitment of study participants
Emails were sent and posters were distributed to announce the research project at
academic departments at Mississippi State University. All participants who agreed to participate
in this study had to show up in the laboratory and sign a consent form prior to participation. Then
they were asked to complete a questionnaire, provide a saliva sample, step on a stadiometer to
measure their height, then stand on a Tanita scale to measure their body composition and BMI.
Inclusion criteria
All participants had to meet the following inclusion criteria; male or female aged 18-35
years old and have no known medical illness and/or metabolic syndrome except obesity.
Exclusion criteria
Participants who were younger than 18 years or older than 35 years, regularly take
medication that affects taste or saliva production, and confirmed pregnancy in females. Criteria
are presented in Figure 3.2.
Participants
A total of 1389 adults aged 17-44 years have participated in this BODY AP Project.
However, data from 833 young adults aged 18-31 years were used in this study since 386
participants were excluded because they were younger than 18 years or older than 35 years, 2
participants were excluded for missing gender, 10 participants were excluded for missing BF%
and BMI, 82 for missing energy and macronutrient intakes, and 76 participants were excluded
for missing saliva samples. A total of 107 had obesity (12.8%) and 726 were non-obese (87.2%)
according to the BMI classification. However, based on BF% classification, a total of 219 had
obesity (26.3%) and 614 were non-obese (73.7%).
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Figure 3.2

Flow Chart of Inclusion and Exclusion Criteria

Food consumption
Energy intake and macronutrients data were obtained from the web-based NIH Diet
History Questionnaire completed by the participants (DHQ II & C-DHQ II: Diet*Calc Version
1.5.0, 2012).
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Body composition
Height was measured using a stadiometer (Detecto SONARIS Sonar Stadiometer). Then,
height was used to input into a Tanita BIA scale (single-frequency SC-331S Total Body
Composition Analyzer) to calculate BMI and measure participants’ body fat percentages.
Saliva collection and genotyping
In the laboratory, participants provided 4ml (2ml x 2) of saliva using the Passive Drool
collection method with a saliva Collection Aid from Salimetrics® (Salimetrics, 2009). Saliva
samples were blotted on filter paper (Fisher Scientific, Pittsburgh, PA) and DNA was extracted
using TaqMan Sample-to-SNPTM Kit (Applied Biosystems, Foster City, CA). TaqMan allelic
discrimination assays and the QuantStudio5 real-time PCR system was used to analyze the four
SNPs, rs307355 and rs35744813 (TAS1R3 gene), rs34160967 (TAS1R1 gene), and rs2499729
(GRM4 gene) . All alleles were reported in the forward orientation. The context sequence from
sequence 5’-3’ for the genotyped SNPs are shown in Table 3.1. The four SNPs; TAS1R3 gene:
rs307355 and rs35744813, TAS1R1 gene: rs34160967, and GRM4 gene: rs2499729 were
analyzed based on the justifications in Table 3.2.
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Table 3.2
SNP ID
rs307355

rs35744813

rs34160967

rs2499729

The probe sequence from sequence 5’-3’ for the genotyped SNPs: rs307355,
rs35744813, rs34160967, and rs2499729
SNP-VIC probe
ATGCTGTGCGCATGTG
CGTGCCATGTGCTTTGC
GTGTACCATGTGTGTGC
T
CATTTGCATGTATGCTG
TGCACGTGTGGCATGC
ATGTGTGCCGTTTGCAT
G
CTGCAGAGAATGCCAA
GCTTTCATGGCACACA
CGATGCCCAAGCTCAA
AGC
GGGTTCAGCCTCCACA
TCTCTAGAGCAAGAGG
TTGGCCCCTTCCAGCTC
TG

SNP-FAM probe
ATGCTGTGCGCATGTG
CGTGCCATGCGCTTTG
CGTGTACCATGTGTGT
GCT
CATTTGCATGTATGCT
GTGCACGTGCGGCATG
CATGTGTGCCGTTTGC
ATG
CTGCAGAGAATGCCA
AGCTTTCATGACACAC
ACGATGCCCAAGCTCA
AAGC
GGGTTCAGCCTCCACA
TCTCTAGAGTAAGAGG
TTGGCCCCTTCCAGCT
CTG
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Location
Non-coding region
Upstream of the
TAS1R3 gene
Non-coding region
Upstream of the
TAS1R3 gene
Coding region
Nonsynonymous
SNP
Coding region
An intronic SNP

Table 3.3

Justifications for the four selected SNPs genotypes

Gene

SNP ID

TAS1R3

rs307355

TAS1R3

TAS1R1

GRM4

rs35744813

rs34160967

rs2499729

Taste
Modality
Sweet

Sweet

Umami

Umami

Health Impact

Reference

The CC allele carriers tended to
consume more protein from the
buffet meal than the CT and TT
carriers.

Han et al.,
2018

Reduced taste sensitivity to sucrose
associated with T alleles in
comparison to C alleles.

Fushan et al.,
2009

The CC allele carriers tended to
consume more protein from the
buffet meal than the CT and TT
carriers
Reduced taste sensitivity to sucrose
associated with T alleles in
comparison to C alleles

Han et al.,
2018

The GG allele carriers consumed a
significantly higher amount of fat
and calories from the buffet meal as
compared to the GA/AA genotype.

Han et al.,
2018

TAS1R1 -372T created a more
sensitive umami taste receptor than
-372A.

Shigemura et
al., 2009

MSG non-tasters were less likely to
have the A allele.

Raliou et al.,
2011

Fushan et al.,
2009

The C allele carriers was associated Chamoun et
with a significantly higher detection al, 2018
threshold for MSG and MSG+IMP
compared to the T allele.
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Data analysis
Data were analyzed using the statistical analysis software, Statistical Package for Social
Sciences (SPSS) version 28.0 (SPSS Inc., Armonk, New York, USA). The incomplete data were
excluded from the study.
Power analysis
Before carrying out this statistical analysis, a power analysis was conducted to determine
whether or not the database used for this study contained an adequate number of participants to
answer the proposed research questions. Chi-square test was used to determine the association
between the allele frequencies of sweet taste receptor gene TAS1R3 o rs307355 and the
differences in BF% in a sample size of N = 833. The Phi test was used to measure the effect size.
The power analysis was conducted using G*Power version 3.1.9.6 (Faul et al., 2007) with an
effect size of Phi = .166, df = 2, and a level of significance α = 0.05. It was calculated that a
sample size of 833 would give a power of 99%.
Statistical analysis for the study objectives
Chi-square test, Cramer’s V, and t-test were used to analyze the differences in
demographic variables between groups. Chi-square test was used to test the association between
the allele frequencies of the taste receptor genes and the differences in BF%, and to test the
association between the allele frequencies of the taste receptor genes and the differences in BMI.
Logistic regression was conducted to assess the effect of the allele frequencies of the taste
receptor genes on the likelihood of obesity. Linear regression was performed to assess whether
ethnicity influences the total energy intake and the percentage of energy from macronutrients.
The genotype frequencies of the 4 SNPs were calculated and tested for consistency with the
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Hardy–Weinberg Equilibrium using the HWE online calculator and chi-square test (HardyWeinberg Equilibrium Calculator for 3 alleles., n.d.). Mean differences in total energy and
percentage energy from macronutrient intakes throughout the allele frequencies of the taste
receptor genes were determined using one-way analysis of variance (ANOVA) and post-hoc test
(Games-Howell). Games-Howell is much more robust to heterogeneity of variances. The sample
size is not equal and Levene's test showed a p-value of < .05. Because the homogeneity of
variances assumption was violated and the sample size is unequal, the accuracy of ANOVA pvalue should be cautiously interpreted. Mean differences in total energy and percentage energy
from macronutrient intakes between the obesity group and non-obese group were determined
using an independent t-test. The level of significance was set to alpha 0.05.
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CHAPTER IV
RESULTS AND DISCUSSION
Participants’ characteristics and obesity prevalence
General descriptive characteristics of 219 participants with obesity and 614 non-obese
participants based on BF% classification, and 107 participants with obesity and 726 non-obese
participants based on BMI classification are reported in Tables 4.1 and 4.2.
Based on BF% classification
Mean age of the obesity group based on BF% classification was 20.45 ±1.929 years with
ages between 18-27 years and was comprised of 190 females (86.8%) and 29 males (13.2%).
Results also indicated that White/Caucasians (n = 126, 57.5%) had the highest prevalence of
obesity, followed by Black/African Americans (n = 85, 38.8%), others (n = 6, 2.7%),
Hispanic/Latino (n = 1, 0.5%), and Asian (n, % = 1, 0.5%). The non-obese group had ages
between 18-31 years with a mean age of 19.98 ±1.833 years and involved 489 females (79.6%)
and 125 males (20.4%); racial demographics included 474 White/Caucasians (77.2%), 103
Black/African Americans (16.8%), 15 Asians (2.4%), 12 others (2.0%), 9 Hispanic/Latinos
(1.5%), and Native American (n, % = 1, 0.2%) (Table 4.1 and Figure 4.1). The prevalence of
obesity was higher in females (28%) than males (18.8%) (Figure 4.2). A significant difference
was observed in gender between the obesity group and non-obese group with p = 0.02 (Table
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4.1). Furthermore, there was a significant difference in this study in the race between obesity
group and non-obese group (p < 0.001) (Table 4.1).
Based on BMI classification
The group with obesity based on BMI classification had ages between 18-27 years with a
mean age of 20.45 ±1.929 years and included 83 females (77.6%) and 24 males (22.4%). This
group was comprised of 55 Black/African Americans (51.4%), 50 White/Caucasians (46.7%), 1
Asian (0.9%), and 1 other (0.9%). The mean age of the non-obese group was 19.98 ±1.833 years
with ages between 18-31 years and included 596 females (82.1%) and 130 males (17.9%). The
majority of non-obese participants was White/Caucasians (n = 550, 75.8%), followed by
Black/African Americans (n = 133, 18.3%), others (n=17, 2.3%), Asians (n=15, 2.1%),
Hispanic/Latinos (n = 10, 1.4%), and Native American (n = 1, 0.1%) (Table 4.2 and Figure 4.3).
There was a significant difference in this study in race between the obesity group and the
non-obese group (p < 0.001) (Table 4.2). According to Hales et al. (2017), among adults aged 20
and older in the United States during 2015–2016, the prevalence of obesity based on BMI
classification was higher in Hispanics (47.0%), followed by Black/African Americans (46.8%),
White/ Caucasians (37.9%), and Asians had the lowest prevalence (12.7%). (Figure 4.4).
However, the prevalence of obesity in participants aged 18-31 in this study was higher in
Black/African Americans (51.4%), followed by White/Caucasians (46.7%), Asians (0.9%), and 1
other (0.9%) (Table 4.2).

27

Table 4.1
Variables
n (%)

Participants’ characteristics based on BF% classification
Obesity group
219 (26.3%)

Age (years)
20.45 ±1.93
Weight (pound)
197.98 ±48.57
Height (inch)
66.09 ±2.9
Gender (n, (%))
- Female
190 (86.8%)
- Male
29 (13.2%)
Race (n (%))
- White/Caucasian
126 (57.5%)
- Black/African American
85 (38.5%)
- Hispanic/Latino
1 (0.5%)
- Native American
0 (0.0%)
- Asian
1 (0.5%)
- Others
6 (2.7%)
Values are presented as n (%) and man ± SD
Statistical differences were determined using:
ᵆIndependent samples t-test with p < 0.05
ᵟChi-square test
ᵠCramer’s V test with p < 0.05
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Non-obese group
614 (73.7%)

p value

19.98 ±1.83
138.41 ±53.97
65.55 ±3.34

.955ᵆ
.020ᵟ

489 (79.6%)
125 (20.4%)
< 0.001ᵠ
474 (77.2%)
103 (16.8%)
9 (1.5%)
1 (0.2%)
15 (2.4%)
12 (2.0%)

Figure 4.1

Obesity prevalence based on body fat percentage (BF%) classification by ethnicity.

Figure 4.2

Obesity prevalence based on BF% classification by gender.
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Table 4.2

Participants’ characteristics based on BMI classification

Variables
Obesity group
n (%)
107 (12.8%)
Age (years)
20.45 ±1.92
Weight (pound)
232.25 ±47.85
Height (inch)
66.15 ±3.43
Gender (n (%))
- Female
83 (77.6%)
- Male
24 (22.4%)
Race (n (%))
- White/Caucasian
50 (46.7%)
- Black/African American
55 (51.4%)
- Hispanic/Latino
0 (0.0%)
- Native American
0 (0.0%)
- Asian
1 (0.9%)
- Others
1 (0.9%)
Values are presented as n (%) and mean ± SD
Statistical differences were determined using:
ᵆIndependent samples t-test with p < 0.05
ᵟChi-square test
ᵠCramer’s V test with p < 0.05
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Non-obese group
726 (87.2%)
19.98 ±1.83
142.55±50.9
65.62 ±3.21

p value
.293ᵆ
.260ᵟ

596 (82.1%)
130 (17.9%)
< 0.001ᵠ
550 (75.8%)
133 (18.3%)
10 (1.4%)
1 (0.1%)
15 (2.1%)
17 (2.3%)

Figure 4.3

Obesity prevalence based on BMI classification by ethnicity.

Figure 4.4

Comparison of obesity prevalence based on BMI classification between
participants of this study aged 18-31 years and U.S. adults aged 20 and older
(Hales et al., 2017).
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The relationship between the allele frequencies of single nucleotide polymorphisms in taste
receptor genes (TAS1R3, TAS1R1, and GRM4) and the risk of obesity
Calculating allele frequencies
The minor allele frequencies of all SNPs rs307355, rs35744813, rs34160967, and
rs2499729 were calculated two times in the obesity group and non-obese group samples from the
BODY AP Project; the first time based on participants’ BF% classification and the second time
based on participants’ BMI classification.
First: Single nucleotide polymorphisms in taste receptor genes (TAS1R3, TAS1R1, and
GRM4) and BF%
The genotypes and allele frequencies of the sweet taste receptor genes (TAS1R3 gene:
rs307355 and rs35744813), and the allele frequencies of the umami taste receptor genes (TAS1R1
gene: rs34160967, and GRM4 gene: rs2499729) in the obesity group and non-obese group in
accordance with BF% classification are reported in Table 4.3 and Figures 4.5A, 4.5B, 4.6A,
4.6B. Alleles of SNP rs34160967 were in HWE with p = 0.2787 and p = 0.2791 for obesity
group and non-obese group, respectively. The alleles of SNP rs2499729 were in HWE with p =
0.07 in the obesity group but were not in HWE with p = 0.003. In contrast, alleles of SNP
rs307355 were in HWE with p 0.2436 in the non-obese group, however, alleles of SNP rs307355
were not in HWE with p < 0.001 in the obesity group. Furthermore, alleles of SNP rs35744813
were not in HWE with p < 0.001 in both the obesity and non-obese groups (Table 4.3). The
minor alleles of SNPs rs307355, rs35744813, rs34160967, and rs2499729 in the obesity group
based upon BF% in the BODY AP Project had a frequency of 0.22 (allele T), 0.27 (allele T),
0.11 (allele A), and 0.42 (allele T), respectively. In the non-obese group of this study, the minor
alleles of SNPs rs307355, rs35744813, rs34160967, and rs2499729 had a frequency of 0.14
(allele T), 0.18 (allele T), 0.12 (allele A), and 0.49 (allele T), respectively, which were quite
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similar to the dbSNP database (Table 4.3); the dbSNP is a database provided by the National
Center for Biotechnology Information (NCBI) from the United States National Library of
Medicine (NCBI, 2020). The minor alleles of SNPs rs307355, rs35744813, rs34160967, and
rs2499729 in the TopMed study in the dbSNP database had a frequency of 0.20 (allele T), 0.25
(allele T), 0.11 (allele A), and 0.42 (allele T), respectively, (NCBI, 2020 a, b, c, and d). A strong
association between the allele frequencies of two sweet taste receptors TAS1R3, SNPs (rs307355
and rs35744813), and BF% classification was detected at χ2 (2) = 23.078 with p <.001 and phi =
.166, and χ2 (2) = 14.166 with p <.001 and phi = .140, respectively (Table 4.3).
Binary logistic regression was performed to examine how genotypes of SNP rs307355
predicted the likelihood of having obesity based on BF% classification (Table 4.4). Wald test
indicated that the genotypes of SNP rs307355 were significantly related to the outcome. The
odds of obesity in TT allele carriers of SNP rs307355 were 4.542 of those in CC allele carriers
with a 95% confidence interval of 2.336-8.832 (p < .001). Moreover, Wald test indicated that the
genotypes of SNP rs35744813 were significantly related to the likelihood of having obesity
(Table 4.4). The odds of obesity in TT allele carriers were 2.648 of those in CC allele carriers
with a 95% confidence interval of 2.336-8.832 (p < .001). However, when ethnicity and gender
was being controlled for, no association was detected between the genotypes of SNP rs307355,
rs35744813 and obesity (Tables 4.5 and 4.6).
A cross-sectional study of 475 adults in Italy indicated that variants of the sweet taste
receptor gene TAS1R3, SNP rs307355 were associated with body fat mass (Perna et al., 2018).
However, the results of Perna et al. (2018) were inconsistent with the results of this study, where
C/C homozygotes of rs307355 presented with an increase of 3.2% fat mass compared to T/C
heterozygotes (Perna et al., 2018). Furthermore, reduced taste sensitivity to sucrose was observed
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with T alleles compared to CC carries of sweet taste receptor gene TAS1R, SNP rs307355 and
rs35744813 in 144 unrelated individuals (92 Europeans, 37 Asians, 15 Africans) (Fushan et al.,
2009). Evidence of the role of taste recognition in obesity has been demonstrated, pointing to a
lower taste sensitivity to all tastes including sweet taste and a higher intake of food, especially
sweet and fatty foods. An inverse association was observed between taste identification ability
and BMI and obesity; people with higher BMIs experienced lower taste sensitivity and liked to
consume more sweet foods than non-obese people (Bartoshuk et al. 2006; Proserpio et al., 2015).
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Table 4.3
Gene

Genotypes and allele frequency in obesity group and non-obese group based on
BF% classification
Taste
Modality

SNP ID

Genotype

n (%)

Phi

MA

MAF

HWE
p valueᵟ

T

.22

0.001

T

.27

0.001

A

.11

0.278

T

.42

0.071

.166

T

.14

0.243

.140

T

.18

0.001

.022

A

.12

0.279

.073

T

.49

0.002

Obesity group
rs307355

TAS1R3
Sweet

rs35744813
TAS1R1

rs34160967
Umami

GRM4

rs2499729

TAS1R3

rs307355
Sweet
rs35744813

TAS1R1

rs34160967
Umami

GRM4

rs2499729

CC
CT
TT
CC
CT
TT
GG
GA
AA
CC
CT
TT

144 (65.8%) .166
52 (23.7%)
23 (10.5%)
118 (60.5%) .140
47 (24.1%)
30 (15.4%)
163 (79.9%) .022
37 (18.1%)
4 (2.0%)
79 (36.1%) .073
94 (42.9%)
46(21%)
Non-obese group

CC
CT
TT
CC
CT
TT
GG
GA
AA
CC
CT
TT

455 (74.1%)
143 (23.3%)
16 (2.6%)
375 (71.6%)
113 (21.6%)
36 (6.9%)
405 (78.0%)
104 (20.1%)
10 (1.9%)
180 (29.4%)
269 (43.9%)
164 (26.8%)

Phi = effect size, MA = Minor Allele, MAF = Minor Allele Frequency, HWE = Hardy Weinberg
Equilibrium, ᵟChi-square test.
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Table 4.4
Gene

Genotype distribution of TAS1R3, TAS1R1, and GRM4 variants and the risk of
obesity based on BF% classification
SNP ID

Genotype Obesity group

Non-obese
group

Odds ratio
(95% CI)

TAS1R3

rs307355

CC
CT
TT
TAS1R3 rs3574481
CC
CT
TT
TAS1R1 rs3416096
GG
GA
AA
GRM4
rs2499729
CC
CT
TT
CI = Confidence interval; p <0.05.

144 (17.3%)
52 (6.2%)
23 (2.8%)
118 (16.4%)
47 (6.5%)
30 (4.2%)
163 (22.5%)
37 (5.1%)
4 (0.6%)
79 (9.5%)
94 (11.3%)
46 (5.5%)
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455 (54.6%)
143 (17.2%)
16 (1.9%)
375 (52.2%)
113 (15.7%)
36 (5.0%)
405 (56%)
104 (14.4%)
10 (1.4%)
180 (21.6%)
269 (32.3%)
164 (19.7%)

1.149 (.795-1.661)
4.542 (2.336-8.832)
1.322 (.888-1.968)
2.648 (1.564-4.485)
.884 (.583-1.341)
.994 (.307-3.214)
.796 (.559-1.134)
.639 (.420-.973)

Table 4.5

Logistic regression analysis of rs307355 and ethnicity and gender of the risk of
obesity based on BF% classification

Variable

B

SE B

Wald

Exp(B)

95% CI
LL
UL

P value

rs307355 CC
7.268
.026
rs307355 CT
-.403
.223
3.255
.668
.431
1.035
.071
rs307355 TT
.494
.391
1.602
1.640
.762
3.526
.206
Males
.570*
.233
6.001
1.768
1.121
2.789
.014
White/Caucasian
32.927
<.001
Black/African
1.209*
.224
29.254
3.351
2.162
5.193
<.001
American
Asian
-1.297
1.041
1.553
.273
.036
2.102
.213
Hispanic/Latino
-.814
1.064
.586
.443
.055
3.565
.444
Other
.784
.519
2.277
2.189
.791
6.058
.131
Native American -19.44 40192.9
.000
.000
.000
.
1.000
Constant
-1.759*
.229
58.912
.172
<.001
B = unstandardized regression weight; SE B = standard error for the unstandardized regression
weight; Wald x2 = test statistic for the individual predictor variable; Exp(B) = Odds Ratio; CI =
Confidence interval; LL = lower limit; UL = upper limit.
*p <0.05.

Table 4.6

Logistic regression analysis of rs35744813 and ethnicity and gender of the risk of
obesity based on BF% classification

Variable

B

SE B

Wald

Exp(B)

95% CI
LL
UL

P value

rs35744813 CC
1.542
.462
rs35744813 CT
-.300
.250
1.447
.741
.454
1.208
.229
rs35744813 TT
-.109
.363
.091
.896
.440
1.825
.763
Males
.682
.252
7.315
1.977
1.206
3.240
.007
White/Caucasian
22.811
<.001
Black/African
-1.220*
.267
20.811
3.387
2.005
5.721
<.001
American
Asian
-19.862 11487
.000
.000
.000
.
.999
Hispanic/Latino
-.723
1.073
.454
.485
.059
3.975
.500
Other
1.098
.610
3.238
2.998
.907
9.915
.072
Constant
-1.809*
.249
52.784
.164
<.001
B = unstandardized regression weight; SE B = standard error for the unstandardized regression
weight; Wald x2 = test statistic for the individual predictor variable; Exp(B) = Odds Ratio; CI =
Confidence interval; LL = lower limit; UL = upper limit.
*p <0.05.
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Figure 4.5

Genotype distribution of TAS1R3 gene, SNPs rs307355 and rs35744813 in obesity
group based on BF% classification and non-obese group.

Figure 4.6

Genotype distribution of TAS1R1 gene, SNP rs43160967 and GRM4 gene, SNP
rs2499729 in obesity group based on BF% classification and non-obese group.
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Second: Single nucleotide polymorphisms in taste receptor genes (TAS1R3, TAS1R1, and
GRM4) and BMI
The genotypes and allele frequencies of SNPs (TAS1R3 gene: rs307355 and rs35744813,
TAS1R1 gene: rs34160967, and GRM4 gene: rs2499729) of the obesity group in accordance with
BMI classification and non-obese group are shown in Table 4.7 and Figures 4.7A, 4.7B, 4.8A,
4.8B. The alleles of SNP rs34160967 were in HWE with (p = 0.6894 and p = 0.1508) for obesity
group and non-obese group, respectively. However, the alleles of SNPs, rs307355, rs35744813,
and rs2499729 were not in HWE with p = 0.0001, p = 0.0005, and p = 0.0114, respectively in
obesity group, and p = 0.0522, p = 0.001, and p = 0.0048, respectively, in non-obese group
(Table 4.7). The minor alleles of SNPs rs307355, rs35744813, rs34160967, and rs2499729 in the
obesity group based on BMI in the BODY AP Project had a frequency of 0.15 (allele T), 0.18
(allele T), 0.11 (allele A), and 0.48 (allele T), respectively (Table 4.7). In the non-obese group of
this study, the minor alleles of SNPs rs307355, rs35744813, rs34160967, and rs2499729 had a
frequency of 0.15 (allele T), 0.18 (allele T), 0.11 (allele A), and 0.48 (allele T), respectively,
which were quite similar to the TopMed study in dbSNP database (Table 4.7). The minor alleles
of SNPs rs307355, rs35744813, rs34160967, and rs2499729 in dbSNP database had a frequency
of 0.20 (allele T), 0.25 (allele T), 0.11 (allele A), and 0.42 (allele T), respectively (NCBI, n.d. a,
b, c, and d). A strong association was observed between the allele frequencies of two sweet
receptor gene TAS1R3, SNPs (rs307355 and rs35744813), and BMI classification at χ2(2) =
36.002 with p <.001 and phi = .208 and χ2(2) = 36.002 with p <.001 and phi = .179 respectively
(Table 4.7).
Binary logistic regression was performed to examine how genotypes of SNP rs307355
predicted the likelihood of having obesity based on BMI classification (Table 4.8). Wald test
indicated that the genotypes of SNP rs307355 were significantly related to the outcome. The
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odds of obesity in TT allele carriers of SNP rs307355 were 6.574 of those in CC allele carriers
with a 95% confidence interval of 3.315-13.037 (p < .001). In addition, to examine how the
genotypes of SNP rs35744813 predicted the likelihood of having obesity based on BMI
classification, a binary logistic regression was performed, and the results were summarized in
Table 4.8. Wald test indicated that the genotypes of SNP rs35744813 were significantly related
to the outcome. The odds of obesity in TT allele carriers of SNP rs35744813 were 4.025 of those
in CC allele carriers with a 95% confidence interval of 2.177-7.442 (p <.001). However,
participants carrying CT genotype of SNP rs35744813 were 1.932 times more likely to have
obesity than the CC allele carriers with a 95% confidence interval of 1.148-3.249 (p < .001).
Furthermore, Wald test indicated that the genotypes of SNP rs2499729 were significantly related
to the likelihood of having obesity based on BMI classification (Table 4.8). The odds of obesity
in CT allele carriers of SNP rs2499729 were .588 of those in CC allele carriers with a 95%
confidence interval of .370-.936 (p < .001).
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Table 4.7
Gene

Genotypes and allele frequency in obesity group and non-obese group based on
BMI classification
Taste
Modality

SNP ID

Genotype

n (%)

Phi

MA

MAF

HWE
p valueᵟ

CC
63 (58.9%)
CT
27 (25.2%)
TT
17 (15.9%)
CC
45 (50.0%)
CT
26 (28.9%)
TT
19 (21.1%)
GG
70 (71.1%)
GA
20 (21.7%)
AA
2 (2.2%)
CC
44 (41.1%)
CT
39 (36.4%)
TT
24 (22.4%)
Non-obese group

.208

T

.28

0.0001

.179

T

.36

0.0005

.023

A

.13

0.689

.083

T

.41

0.0114

CC
CT
TT
CC
CT
TT
GG
GA
AA
CC
CT
TT

.208

T

.15

0.052

.179

T

.18

0.001

.023

A

.11

0.150

.083

T

.48

0.004

Obesity group
TAS1R3

rs307355
Sweet
rs35744813

TAS1R1

rs34160967
Umami

GRM4

rs2499729

TAS1R3

rs307355
Sweet
rs35744813

TAS1R1

rs34160967
Umami

GRM4

rs2499729

536 (73.8%)
168 (23.1%)
22 (3.0%)
448 (71.2%)
134 (21.3%)
47 (7.5%)
498 (78.9%)
121 (19.2%)
12 (1.9%)
215 (29.7%)
324 (44.7%)
186 (25.7%)

Phi = effect size, MA = Minor Allele, MAF = Minor Allele Frequency, HWE = Hardy Weinberg
Equilibrium, ᵟChi-square test.
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Table 4.8
Gene

Genotype distribution of TAS1R3, TAS1R1, and GRM4 variants and the risk of
obesity based on BMI classification
SNP ID

Genotype

Obesity
group

Non-obese group

Odd ratio
(95% CI)

TAS1R3

rs307355

CC
CT
TT
TAS1R3 rs35744813
CC
CT
TT
TAS1R1 rs34160967
GG
GA
AA
GRM4
rs2499729
CC
CT
TT
CI = Confidence interval; p <0.05.

63 (7.6%)
27 (3.2%)
17 (2.0%)
45 (6.3%)
26 (3.6%)
19 (2.6%)
70 (9.7%)
20 (2.8%)
2 (0.3%)
44 (5.3%)
39 (4.7%)
24 (2.9%)
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536 (64.3%)
168 (20.2%)
22 (2.6%)
448 (62.4%)
134 (18.6%)
47 (6.5%)
498 (68.9%)
121 (16.7%)
12 (1.7%)
215 (25.8%)
324 (38.9%)
186 (22.4%)

1.367 (.844-2.216)
6.574 (3.315-13.037)
1.932 (1.148-3.249)
4.025 (2.177-7.442)
1.176 (.689-2.008)
1.186 (.260-5.409)
.588 (.370-.936)
.630 (.369-1.076)

Figure 4.7

Genotype distribution of TAS1R3 gene, SNPs rs307355 and rs35744813 in obesity
group based on BMI classification and non-obese group.

Figure 4.8

Genotype distribution of TAS1R1 gene, SNP rs43160967 and GRM4 gene, SNP
rs2499729 in obesity group based on BMI classification and non-obese group.
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The allele frequencies of SNPs rs307355, rs35744813, rs34160967, and rs2499729 and
energy intake and the percentage of energy from macronutrient intakes
Genetic variations and total energy and macronutrient intakes
The results of total energy and the percentage of energy from macronutrients throughout
sweet taste receptor genes: rs307355 and rs35744813 SNPs are shown in Tables 4.9 and 4.10.
Considerable associations were indicated in total energy intake and the percentage of energy
from carbohydrates, protein, and fat consumption between the alleles of rs307355 (p = .008, p <
.001, p < .001, and p = .019) respectively (Figures 4.9A, 4.9B, 4.9C, and 4.9D). CT allele of
rs307355 was significantly associated with an increase of daily energy intake (p = .004) and in
the percentage of energy intake from carbohydrate (p < .001) compared to the CC allele.
Furthermore, participants carrying TT allele also had a higher amount of energy intake from
carbohydrates than CC allele carriers. CT and TT alleles of rs307355 were also significantly
associated with a rise in the percentage of energy intake from protein than participants carrying
CC allele (p < .001 and p = .022) respectively. In addition, the percentage of energy intake from
fat was higher in CC allele carriers than CT allele carriers of SNP rs307355 (p = .015).
Similar significant associations were observed in total energy intake and percentage of
energy from carbohydrates, protein, and fat intake between the alleles of SNP rs35744813 (p =
.002, p < .001, p < .001, p = .002) respectively (Figures 4.10A and 4.10B, 4.10C, and 4.10D).
The results of this study showed that individuals carrying the CT allele and TT allele of the
rs35744813 SNP significantly had a higher amount of energy from carbohydrates (p < .001) and
an elevated percentage of energy from protein intake (p < .001, p = .002), respectively, than the
CC allele carriers. Moreover, CC allele carriers of the rs35744813 SNP had a significantly higher
percentage of energy from fat compared to individuals carrying the CT allele carriers (p = .004).
Even though, the association between the allele frequencies of SNPs rs307355, rs35744813 and
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total energy intake and percentage of energy intake from carbohydrate and fat was confounded
by ethnicity, the association between the percentage of energy from protein intake and the alleles
of rs35744813 was not confounded by ethnicity (Table 4.13 and 4.14).
These results were consistent with the results of Han et al. (2018). Thirty normal-weight
adults from the University of Queensland Australia showed genetic variants of the umami taste
receptor involved in differential food choices in Han et al.’s (2018) study. Participants were able
to access a buffet meal consisting of a variety of foods covering the full range of main taste types
for 40 minutes. The intake of protein was notably higher in the CC allele group compared to CT
and TT alleles groups of rs307355 and rs35744813 SNPs. Participants identified with TT allele
of the TAS1R3 rs35744813 SNP significantly consumed more savory food from the buffet than
CC and CT carriers.
The results of total energy and the amount of energy from macronutrients throughout
umami taste receptor gene TAS1R1 for rs34160967 SNP and GRM4 for rs2499729 SNP are
presented in Tables 4.11 and 4.12. A significant association was indicated in the percentage of
energy from fat intake between the alleles of SNP rs34160967 (p = .024) (Figure 4.11D). The
amount of energy from fat intake was significantly higher in participants carrying GA allele than
those who carried GG allele. However, when ethnicity was being controlled for, no association
was detected between the allele frequencies of SNP rs34160967 and the percentage of energy
intake from fat (Table 4.15). Moreover, no significant association was indicated in total energy
intake and the amount of energy from carbohydrate and protein intakes between the alleles of
rs34160967. This result opposed Han et al.’s (2018) study. GG genotype of the umami taste
receptor gene TAS1R1 SNP rs34160967 in Han et al.’s (2018) study had a higher amount of
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energy and fat from the buffet. Moreover, the results of Choi et al. (2016) on rs34160967 SNP
suggested that the AG genotype group consumed more umami food as compared to GG carriers.
Furthermore, notable associations were observed in the percentage of energy from
carbohydrate and protein intakes between rs2499729 variant alleles (p < .001, p = .009)
respectively (Figures 4.12B, 4.12C). The percentage of energy intake from carbohydrate and
percentage of energy intake from protein were significantly higher in the CC allele carriers
compared to CT and TT allele carriers (p = .012, p < .001) and (p = .014, p = .025) respectively.
Furthermore, the associations between the percentage of energy from carbohydrate and from
protein intake and the rs2499729 variant alleles were not confounded by ethnicity (Table 4.16).
This result was inconsistent with the finding of Chamoun et al. (2018). The detection threshold
for MSG+IMP was higher in the C allele of the rs2499729 SNP compared to T allele (Chamoun
et al., 2018). A higher detection threshold for umami taste was correlated with increased liking of
food containing MSG such as high-protein foods, which are naturally high in umami taste
(Dermiki et al., 2013).
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Table 4.9
Gene

Mean differences in total energy and the percentage of energy from macronutrient
intakes throughout rs307355 alleles in TAS1R3
SNP ID

n (%)

Genotype

Mean
Difference

ᵠp value

Energy (Kcal)
TAS1R3

rs307355

599 (71.9%)

CC

CT
-343.7938*
TT
5.15154
195 (23.4%)
CT
CC
343.79384*
TT
343.79384
39 (4.6%)
TT
CC
-5.15154
CT
-343.7938
Percentage of energy from carbohydrates

< .004*
1.000
< .004*
.242
1.000
.242

TAS1R3

rs307355

599 (71.9%)

CC

-4.772241*
-5.136344*

< .001*
.003*

195 (23.4%)

CT

4.772241*
-0.364103
5.136344*
0.364103

< .001*
.975
.003*
.975

599 (71.9%)

CC

CT

1.656308*

< .001*

TT

1.605641*

.022*

-1.656308*
-0.050667
-1.605641*
0.050667

< .001*
.997
.022*
.997

1.993166*

.015*

CT
TT

CC
TT
39 (4.6%)
TT
CC
CT
Percentage of energy from protein

TAS1R3

rs307355

CC
TT
39 (4.6%)
TT
CC
CT
Percentage of energy from fat

TAS1R3

rs307355

195 (23.4%)

CT

599 (71.9%)

CC

CT

TT
1.207371
.590
195 (23.4%)
CT
CC
-1.993166*
.015*
TT
-0.785795
.829
39 (4.6%)
TT
CC
-1.207371
.590
CT
0.785795
.829
Mean differences were determined using One-way ANOVA and Post-hoc test ᵠGames-Howell
with *p < 0.05
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Table 4.10
Gene

Mean differences in total energy and the percentage of energy from macronutrient
intakes throughout rs35744813 alleles in TAS1R3
SNP ID

n (%)

Genotype

Mean
Difference

ᵠp value

Energy (Kcal)
TAS1R3 rs35744813

493 (68.6%)

CC

CT
-437.7648*
TT
-245.13414
160 (22.2%)
CT
CC
437.76481*
TT
192.63066
66 (9.2%)
TT
CC
245.13414
CT
-192.63066
Percentage of energy from carbohydrates

.002*
.249
.002*
.563
249
.563

TAS1R3 rs35744813

493 (68.6%)

CC

CT
TT
160 (22.2%)
CT
CC
TT
66 (9.2%)
TT
CC
CT
Percentage of energy from protein

-5.490758*
-5.989393*
5.490758*
-0.498634
5.989393*
0.498634

< .001*
< .001*
< .001*
.950
< .001*
.950

TAS1R3 rs35744813

493 (68.6%)

CC

CT
TT

1.644698*
1.661782*

< .001*
.002*

160 (22.2%)

CT

CC
TT

-1.644698*
0.017083

< .001*
.999

66 (9.2%)

TT

CC
CT

-1.661782*
-0.017083

.002*
.999

2.550900*

.004*

Percentage of energy from fat
TAS1R3 rs35744813

493 (68.6%)

CC

CT

TT
2.111057
.097
160 (22.2%)
CT
CC
-2.550900*
.004*
TT
-0.439843
.926
66 (9.2%)
TT
CC
-2.111057
.097
CT
0.439843
.926
Mean differences were determined using One-way ANOVA and Post-hoc test ᵠGames-Howell
with *p < 0.05
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Table 4.11
Gene

Mean differences in total energy and the percentage of energy from macronutrient
intakes throughout rs34160967 alleles in TAS1R1
SNP ID

n (%)

Genotype

Mean
Difference

ᵠp value

Energy (Kcal)
TAS1R1 rs34160967

568 (68.2%)

GG

GA
199.35997
AA
141.123886
141 (16.9%)
GA
GG
-199.35997
AA
-58.236084
14 (1.7%)
AA
GG
-141.123886
GA
58.236084
Percentage of energy from carbohydrates

.098
.837
.098
.972
.837
.972

TAS1R1 rs34160967

568 (68.2%)

GG

GA
AA
141 (16.9%)
GA
GG
AA
14 (1.7%)
AA
GG
GA
Percentage of energy from protein

0.892616
3.015448
-0.892616
2.122832
-3.015448
-2.122832

.586
.570
.586
.761
.570
.761

TAS1R1 rs34160967

568 (68.2%)

GG

GA
AA
141 (16.9%)
GA
GG
AA
14 (1.7%)
AA
GG
GA
Percentage of energy from fat

-0.044103
-1.521818
0.044103
-1.477715
1.521818
1.477715

.990
.186
.990
.221
.186
.221

TAS1R1 rs34160967

568 (68.2%)

GG

-1.910650

.015*

GA

AA
-2.299469
.583
141 (16.9%)
GA
GG
1.910650*
.015*
AA
-0.388820
.985
14 (1.7%)
AA
GG
2.299469
.583
GA
0.388820
.985
Mean differences were determined using One-way ANOVA and Post-hoc test ᵠGames-Howell
with *p < 0.05
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Table 4.12
Gene

Mean differences in total energy and the percentage of energy from macronutrient
intakes throughout rs2499729 alleles in GRM4
SNP ID

n (%)

Genotype

Mean
Difference

ᵠp value

Energy (Kcal)
GRM4

rs2499729

259 (31.1%)

CC

CT
137.263873
TT
76.244049
363 (43.6%)
CT
CC
-137.263873
TT
-61.019824
210 (25.2%)
TT
CC
-76.244049
CT
61.019824
Percentage of energy from carbohydrates

.346
.744
.346
.759
.744
.759

GRM4

rs2499729

259 (31.1%)

CC

363 (43.6%)

CT

210 (25.2%)

TT

259 (31.1%)

CC

CT

2.575672*

.012*

TT

3.701912*

< .001*

CC
TT

-2.575672*
-2.483414

.012*
.363

-3.701912*
-1.126241

< .001*
.363

CT

-0.903141*

.014*

TT

-0.918772*

.025*

0.903141*
-0.015631
0.918772*
0.015631

.014*
.999
.025*
.999

CC
CT
Percentage of energy from protein

GRM4

rs2499729

CC
TT
210 (25.2%)
TT
CC
CT
Percentage of energy from fat
GRM4

rs2499729

363 (43.6%)

CT

259 (31.1%)

CC

CT
-1.191993
.182
TT
-1.538970
.101
363 (43.6%)
CT
CC
1.191993
.182
TT
-0.346978
.856
210 (25.2%)
TT
CC
1.538970
.101
CT
0.346978
.856
Mean differences were determined using One-way ANOVA and Post-hoc test ᵠGames-Howell
with *p < 0.05
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Table 4.13

Linear regression analysis of rs307355 and ethnicity of total energy intake and
energy from macronutrient intakes

Variable

B

SE B

β

95% CI

LL
Dependent variable: Energy intake (Kcal)
Constant
1723.95*
47.47
1630.774
rs307355 CT
190.78
101.10
.072
-7.668
rs307355 TT
-324.64
206.46
-.061
-729.899
Black/African American
399.43*
111.21
.149
181.317
Asian
738.49*
279.25
.090
190.351
Hispanic/Latino
400.89
351.53
.039
-289.115
Other
450.18
265.38
.058
-70.729
Native/American
1329.63
1103.41
.041
-836.190
Dependent variable: The percentage of energy from carbohydrate
Constant
48.559*
.425
47.724
rs307355 CT
1.1648
.906
.047
-.614
rs307355 TT
-2.810
1.850
-.056
-6.441
Black/African American
9.084*
.996
.360
7.130
Asian
-.070
2.502
-.001
-4.982
Hispanic/Latino
1.334
3.150
.014
-4.849
Other
2.952
2.378
.041
-1.716
Native/American
-5.789
9.885
-.019
-25.194
Dependent variable: The percentage of energy from protein
Constant
14.760*
.160
14.447
rs307355 CT
-.668
.340
.072
-1.335
rs307355 TT
.619
.694
-.061
-.743
Black/African American
-2.451*
.374
.149
-3.185
Asian
1.772
.939
.090
-.071
Hispanic/Latino
1.863
1.182
.039
-.457
Other
-.183
.892
.058
-1.934
Native/American
1.370
3.709
.041
-5.911
Dependent variable: The percentage of energy from fat
Constant
34.30*
.337
33.644
rs307355 CT
-.242
.718
-.013
-1.650
rs307355 TT
2.704
1.465
.072
-.172
Black/African American
-4.459*
.789
-.233
-6.008
Asian
.096
1.982
.002
-3.795
Hispanic/Latino
-1.129
2.495
-.015
-6.027
Other
-.606
1.884
-.011
-4.303
Native/American
3.714
7.831
.016
-11.657

UL

R2
(Adjusted)

1817.134
389.238
80.603
617.544
1286.635
1090.910
971.099
3495.463

.035

49.393
2.942
.821
11.038
4.841
7.516
7.619
13.617

.124

15.073
-.001
1.982
-1.718
3.614
4.182
1.568
8.651

.086

34.967
1.167
5.580
-2.911
3.986
3.768
3.091
19.086

.041

B = unstandardized regression beta; SE B = standard error for the unstandardized beta; β = the
standardized beta; CI = Confidence interval; LL = lower limit; UL = upper limit.
*p < .05
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Table 4.14

Linear regression analysis of rs35744813 and ethnicity of total energy intake and
energy from macronutrient intakes

Variable

B

SE B

β

95% CI

LL
Dependent variable: Energy intake (Kcal)
Constant
1745.40*
107.82
1533.767
rs35744813 CC
-38.74
116.57
-.017
-267.565
rs35744813 CT
267.541
139.69
.094
-6.657
rs35744813 TT
-77.08
196.24
-.019
-462.290
Black/African American
.336.69*
120.41
.126
100.337
Asian
750.80*
279.59
.092
202.003
Hispanic/Latino
391.21
351.61
.038
-298.948
Other
437.25
266.16
.057
-85.178
Native/American
1308.18
1107.73
.040
-866.122
Dependent variable: The percentage of energy from carbohydrate
Constant
38.803*
.965
46.910
rs35744813 CC
-.339
1.043
-.016
-2.386
rs35744813 CT
1.357
1.250
.051
-1.096
rs35744813 TT
-2.998
1.756
-.077
-6.444
Black/African American
9.417*
1.077
.373
7.303
Asian
-.021
2.501
.000
-4.931
Hispanic/Latino
1.288
3.146
.013
-4.887
Other
2.885
2.381
.040
-1.789
Native/American
-6.033
9.910
-.020
-25.485
Dependent variable: The percentage of energy from protein
Constant
15.233*
.362
14.522
rs35744813 CC
-.583
.391
-.074
-1.352
rs35744813 CT
-1.112*
.469
-.113
-2.032
rs35744813 TT
.330
.659
.023
-.963
Black/African American
-2.722*
.659
-.294
-3.516
Asian
1.686
.404
.060
-.156
Hispanic/Latino
1.887
1.180
.053
-.430
Other
-.388
.893
-.015
-2.142
Native/American
.897
3.718
.008
-6.401
Dependent variable: The percentage of energy from fat
Constant
34.211*
.765
32.710
rs35744813 CC
.182
.827
.011
-1.441
rs35744813 CT
-.571
.991
-.028
-2.517
rs35744813 TT
2.224
1.393
.075
-.510
Black/African American
-4.516*
.855
-.236
-6.193
Asian
.070
1.984
.001
-3.824
Hispanic/Latino
-1.097
2.495
-.015
-5.994
Other
-.490
1.889
-.009
-4.197
Native/American
3.809
7.861
.017
-11.621

UL

R2
(Adjusted)

1957.049
190.079
541.738
308.113
573.060
1299.601
1081.373
959.695
3482.486

.035

50.696
1.708
3.810
.448
11.532
4.888
7.462
7.559
13.419

.126

15.943
.185
-.191
1.623
-1.929
3.528
4.204
1.366
8.196

.089

35.713
1.806
1.374
4.957
-2.838
3.965
3.801
3.218
19.238

.041

B = unstandardized regression beta; SE B = standard error for the unstandardized beta; β = the
standardized beta; CI = Confidence interval; LL = lower limit; UL = upper limit; *p < .05
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Table 4.15

Linear regression analysis of rs34160967 and ethnicity of energy from fat intake

Variable

B

SE B

β
LL

Dependent variable: The percentage of energy from fat
Constant
34.767*
.767
rs34160967 GG
-.963
.821
-.056
rs34160967 GA
.707
1.001
.033
rs34160967 AA
.610
2.225
.010
Black/African American
-3.872*
.656
-.203
Asian
.184
1.985
.003
Hispanic/Latino
-.868
2.498
-.012
Other
-.665
1.875
-.012
Native/American
3.253
7.858
.014

R2
(Adjusted)

95% CI
UL

33.261
-2.575
-1.258
-3.757
-5.161
-3.712
-5.771
-4.345
-12.171

36.273
.648
2.673
4.977
-2.584
4.081
4.035
3.016
18.677

.042

B = unstandardized regression beta; SE B = standard error for the unstandardized beta; β = the
standardized beta; CI = Confidence interval; LL = lower limit; UL = upper limit.
*p < .05
Table 4.16

Linear regression analysis of rs2499729 and ethnicity of energy from carbohydrate
and protein intake

Variable

B

SE B

β

95% CI

LL
Dependent variable: The percentage of energy from carbohydrate
Constant
73.170*
9.921
53.697
rs2499729 CC
-24.352*
9.911
-1.069
-43.807
rs2499729 CT
-24.557*
9.921
-1.155
-44.029
rs2499729 TT
-24.341*
9.942
-1.002
-43.855
Black/African American
8.780*
.900
.348
7.013
Asian
-.082
2.515
-.001
-5.018
Hispanic/Latino
1.405
3.152
.015
-4.781
Other
3.287
2.368
.045
-1.361
Native/American
-6.059
9.904
-.020
-25.499
Dependent variable: The percentage of energy from protein
Constant
6.970
3.725
-.342
rs2499729 CC
7.643*
3.722
.913
.338
rs2499729 CT
7.851*
3.725
1.005
.540
rs2499729 TT
7.497*
3.733
.840
.170
Black/African American
-2.540*
.338
-274
-3.203
Asian
1.740
.944
.062
-.133
Hispanic/Latino
1.831
1.183
.051
-.492
Other
-.381
.889
-.014
-2.126
Native/American
1.663
3.719
.015
-5.636

UL

R2
(Adjusted)

92.643
-4.898
-5.084
-4.827
10.547
4.853
7.591
7.935
-25.499

.123

14.282
14.948
15.163
14.824
-1.876
3.594
4.153
1.364
8.963

.085

B = unstandardized regression beta; SE B = standard error for the unstandardized beta; β = the
standardized beta; CI = Confidence interval; LL = lower limit; UL = upper limit.
*p < .05
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Figure 4.9

Total energy intake and the percentage of energy from carbohydrate, protein, and
fat intake between the alleles of TAS1R3 rs307355 genotype polymorphism.
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Figure 4.10

Total energy intake and the percentage of energy from carbohydrate, protein, and
fat intake between the alleles of TAS1R3 rs35744813 genotype polymorphism.
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Figure 4.11

Total energy intake and the percentage of energy from carbohydrate, protein, and
fat intake between the alleles of TAS1R3 rs34160967 genotype polymorphism.
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Figure 4.12

Total energy intake and the percentage of energy from carbohydrate, protein, and
fat intake between the alleles of GMR4 rs2499729 genotype polymorphism.
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Differences in total energy and macronutrients intakes between obesity group and nonobese group
First: Total energy and macronutrient intakes in obesity group and non-obese group based
on BF% classification
According to BF% classification, the mean of total energy intake and the percentage of
energy intake from carbohydrate, protein, and fat among obesity group and non-obese group
were 1869.98±1235.44 and 1875.27± 1079.84, 52.51±11.16 and 50.21±10.26, 13.45±3.84 and
14.37±3.86, and 32.55±8.34 and 33.63±7.84, respectively (Table 4.17). No significant
differences were found between obesity group and non-obese group in the daily intake of energy
nor in the amount of energy from carbohydrate, protein, and fat (Table 4.17 and Figures 4.13,
4.14, 4.15, and 4.16).
Second: Total energy and macronutrient intakes in obesity group and non-obese group
based on BMI classification
The results of total energy intake and percentage of energy from macronutrients
(carbohydrate, protein, and fat) between obesity group and non-obese group in reference to BMI
classification are presented in Table 4.18. The mean of total energy intake and the percentage of
energy intake from carbohydrate, protein, and fat among obesity and non-obese group were
2166.56±1479.42 and 1830.75±1053.74, 53.68±11.55 and 50.39±10.33, 13.37±3.91 and
14.24±3.86, and 32.17±8.36 and 33.52±7.92, respectively. The average intake of energy among
non-obese group was significantly less than the average intake of energy among obesity group
with a difference of -335.82004 (p < 0.001) (Table 4.18 and Figures 4.17, 4.18, 4.19, and 4.20).
Energy intake and macronutrients as sources of food energy are considered an important
modifiable factor in obesity. However, studies on the role of macronutrients in obesity had
controversial conclusions due to the balance of macronutrient intakes; and because of the
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presence of confounding variables including age, physical activity, alcohol intake, and smoking
that may affect the relationship between the consumption of macronutrients and obesity. A
positive association was indicated in a review of the contemporary dietary surveys between the
percentage of energy from fat and total energy intake and obesity (Lissner & Heitmann, 1995).
Although, BMI had an obvious positive association with total energy intake and total intake of
dietary fat and protein, the intake of dietary carbohydrate was negatively associated with obesity
(Alhuwalia et al., 2009; Cao et al., 2020; Duvigneaud et al., 2007). Therefore, the balance of
carbohydrate, protein, and fat intakes and other confounding variables such as physical activity
and smoking are considered crucial elements in obesity.
Table 4.17

Mean differences in total energy and macronutrient intakes between obesity group
and non-obese group based on BF% classification

Variables

Obesity group

Non-obese group

Mean
difference

ᵆp value

n (%)
219 (26.2%)
614 (73.8%)
Energy intake
1869.98±1235.4 1875.27± 1079.8
5.292764
.145
% Energy from carbohydrate
52.51±11.16
50.21±10.26
-2.30089
.138
% Energy from protein
13.45±3.84
14.37±3.86
.91584
.389
% Energy from fat
32.55±8.34
33.63±7.84
1.07229
.170
Data are presented as n (%) and M ± SD
Statistical differences were determined using independent samples ᵆt-test with p value < 0.05
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Figure 4.13

Mean difference in total energy intake between non-obese group and obesity group
based on BF% classification.

Figure 4.14

Mean difference in the percentage of energy from carbohydrate intake between
non-obese group and obesity group based on BF% classification.
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Figure 4.15

Mean difference in the percentage of energy from protein intake between nonobese group and obesity group based on BF% classification.

Figure 4.16

Mean difference in the percentage of energy from fat intake between non-obese
group and obesity group based on BF% classification.
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Table 4.18

Mean differences in total energy and macronutrient intakes between obesity group
and non-obese group based on BMI classification

Variables

Obesity group

Non-obese group

Mean
difference

ᵆp value

n (%)
107 (12.8%)
726 (87.2%)
Energy (Kcal)
2166.56±1479.42 1830.75±1053.74 -335.82004
<0.001*
% Energy from
53.68±11.55
50.39±10.33
-3.29098
.172
carbohydrate
% Energy from protein
13.37±3.91
14.24±3.86
.86563
.413
% Energy from fat
32.17±8.36
33.52±7.92
1.35090
.293
Data are presented as n (%) and M ± SD
Mean differences were determined using independent samples ᵆt-test with *p < 0.05

Figure 4.17

Mean difference in total energy intake between non-obese group and obesity group
based on BMI classification.
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Figure 4.18

Mean difference in the percentage of energy from carbohydrate intake between
non0obese group and obesity group based on BMI classification.

Figure 4.19

Mean difference in the percentage of energy from protein intake between
non0obese group and obesity group based on BMI classification.
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Figure 4.20

Mean difference in the percentage of energy from fat intake between non-obese
group and obesity group based on BMI classification.
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CHAPTER V
STRENGTHS, LIMITATIONS, AND CONCLUSIONS
Strengths and Limitations
The strengths of this study were a large sample size with a 95% confidence level at 99%
power, the standardizing genotyping analysis, and the use of accurate scales such as Tanita scale,
which is accurate within +/- 5% of the clinical DEXA standard of body composition analysis.
However, this study had some limitations worth noting. First, lack of some confounding
variables such as physical activity and alcohol intake. Second, there are issues related to the Diet
History Questionnaire DHQ II used in this study to collect dietary information. Participants may
change their usual dietary patterns or underreport their food intakes, which obviously could alter
the macronutrient compositions and the total energy intakes of their diets.
Conclusion
This study examined the polymorphic variants in umami taste receptor genes TAS1R1 and
GRM4, and sweet taste receptor gene TAS1R3 and their downstream effects on obesity risk and
the intake of energy and macronutrients. The findings of this study designated that the risk of
having obesity in accordance with BMI classification and BF% classification was higher in
individuals with TT genotype of SNP rs307355, gene TAS1R3 than CC carriers. Similar higher
risk of having obesity based on BMI classification and BF% classification was observed in
individuals with TT genotype of SNP rs35744813, gene TAS1R3 than individuals carrying the
CC allele. In addition, the allele frequencies of SNP rs2499729 were significantly related to the
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likelihood of having obesity based on BMI classification. However, no significant association
was observed between the allele frequencies of the umami taste genes TAS1R1 of rs34160967
and the classification of BMI nor the BF% classification. Significant associations were also
observed in total energy and energy from carbohydrate, protein, and fat intakes between the
alleles of the sweet receptor gene TAS1R3 SNPs rs307355 and 35744813. Moreover, a
significant association was detected in energy from fat intake and the allele variation of
rs34160967 in the umami receptor gene TAS1R1, and in energy from carbohydrate and protein
intakes and the allele variations of rs2499729 in the umami taste receptor GRM4.
Genetic variation in taste is important to describe as it contributes to differences in
dietary intake and food consumption. Understanding the complex relationship between genetics
of taste, taste sensitivity and preference may help to develop effective strategies to improve
eating habits and decrease the risk of obesity in predisposed individuals. The findings of this
study can help in achieving a greater understanding of the association between the genetic
variations of taste receptor genes and body weight, energy intake, and food consumption.
Moreover, this study may shed light on how these SNPs are implicated in dietary intake and
therefore the risk for developing obesity, which could help in the prevention of diet-related
diseases such as obesity in young adults.
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